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---------------------------------------------------------------------------------------- 
The coordination polymeric cesium complex with 5-nitroisophthalic acid (H2NIPA), 
[Cs4(NIPA)2 (H2O)7]n  (1), has four separate and different coordination centres (two CsO6, 
two CsO8) linked through carboxyl, nitro and water oxygen bridges, giving a three-
dimensional framework structure stabilized by hydrogen-bonding interactions.  
  
by Graham Smith and  Urs D. Wermuth  
--------------------------------------------------------------------------- 
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Abstract 
The coordination polymer complex tetracesium bis(5-nitroisophthalate) heptahydrate 
[Cs4(C8H3NO6)2 (H2O)7]n has been synthesized and characterized using single-crystal X-ray 
diffraction. Crystals are monoclinic, space group P21/c, with Z = 4 in a cell with dimensions 
 a = 12.3213(3), b =6.7557(2) c = 36.2020(9) Å, β = 90.548(2)o. The complex is based on a 
repeating unit comprising four independent and different Cs coordination centres, two 6-
coordinate, and two 8-coordinate [Cs-O, range 2.959(5)-3.386(5) Å], and seven water 
molecules, two of which are monodentate and the other five bridging, while all other oxygen 
atoms in the structure, including those of the nitro groups form inter-Cs bridges. Extensive 
water O-H…O hydrogen-bonding interactions give a three-dimensional framework. This 
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structure represents the first of an alkali metal compound of 5-nitroisophthalic acid that has 
been reported. 
 
Keywords: Cesium ; Isophthalic Acid;  Coordination polymer; Hydrogen bonding 
 
1.  Introduction, Results and Discussion 
Introduction. 
The aromatic dicarboxylic acid benzene-1,3-dicarboxylic acid (5-nitroisophthalic acid, 
H2NIPA) has potential for metal coordination because of its symmetrically disposed 
carboxylic acid and nitro substituent groups which are stereochemically amenable to the 
formation of extended polymeric coordination complex structures. These may also be 
stabilized by the presence of water molecules acting as both ligands and as donor atoms in 
hydrogen-bonding interactions. The structures of a number of transition metal complexes of 
H2NIPA may be found in the CSD, but only a small number of these involve purely NIPA2- 
or HNIPA- ligands (together with water), e.g. [Mn(H2O)5(NIPA)] [1],  the majority being 
mixed-ligand complexes with various Lewis base ligands, e.g. [Co(NIPA)(imid)2]n [2] (imid  
= imidazole), [Ni(H2O)3(NIPA)(bipy)] .H2O [3, 4] (bipy = 2,2’-bipyridine) and 
[Zn(H2O)3(HNIPA)(bipydo)] [5] (bipydo = 2,2’-bipyridyl-N,N’-dioxide). In the structure of 
[Cu(Cl)(phen)]  (HNIPA) . H2O [6] (phen = 1,10-phenanthroline), the  HNIPA- acts as a 
counter anion. There are also a small number of Lewis base salts of H2NIPA. The structure of 
the monoammonium salt [7] is unusual in that it is a picrate as distinct from a carboxylate, 
losing the phenolic proton rather than that of the carboxylic acid, in this respect being similar 
to the ammonium salt of 3,5-dinitrosalicylic acid (DNSA) [8].  This is also the case with the 
majority of the Lewis base salts of DNSA [9]. Other Lewis base salts of H2NIPA are more 
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conventionally carboxylates, e.g. with N-(4-pyridylmethyl)acetamide  (a 1:1 monohydrate) 
[10], 2,2’-bipyridine (a 1:1 dihydrate) [11], the 1:1 tetramethylammonium adduct salts with 
phenylboronic acid and 1,4-phenylenediboronic acid [12]. However, there are no reported 
structures of any alkali metal complexes with H2DIPA and in fact very few with any of the 
isomeric nitroisophthalic or nitrophthalic acids (a lone example is [Na(H2O)5(HNPA)]n 
.nH2O [HNPA = 3-nitrophthalic acid] [13]. 
 
INSERT 1: Scheme 1:  
NIPACS1.cdx:    (H2NIPA,  HNIPA- and NIPA2- species) (in the NIPCS.ZIP file) 
                
                    5-nitroisophthalic acid and the 5-nitroisophthalate anion species 
 
We therefore aimed to prepare some of the alkali metal complexes with 5-nitroisophthalic 
acid using  1:1 stoichiometric reactions of the acid with alkali metal carbonates in aqueous 
ethanolic solution. The reaction with Cs2CO3 gave large colourless crystal plates or prisms 
which allowed the crystallographic characterization of the structure of the compound  
[Cs4(C8H3NO6)2 (H2O)7]n (1),  reported here. 
 
2. Results and discussion 
2.1 The structural chemistry of compound 1   
The structure of the hydrated cesium salt of 5-nitroisophthalic acid salt is best 
described in terms of the crystallographic asymmetric unit contents [Cs4(NIPA)2(H2O)7]  (1) 
which  has four independent and different coordinated Cs cations (Cs1-Cs4), two NIPA2- 
dianions (A and B) and seven water molecules of solvation (O1W-O7W) (Figure 1).  
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INSERT 2:      Figure 1.  (An OPTEP plot with the atom numbering scheme) 
      NIPACS1.TIF     (in the NIPACS.ZIP file) 
 
Although two of the Cs cations are 6-coordinate (Cs1, Cs4) and two are 8-coordinate (Cs2, 
Cs3), the stereochemistry about each is irregular and different. The four Cs centres are 
interlinked by double, triple or quadruple bridges involving all available donor O-atom types 
(carboxyl, nitro and water), with the exception of two of the water molecules (O3W, O5W) 
which are monodentate.  This gives a three-dimensional coordination polymer structure 
(Figures 2, 3) which is stabilized by a large number of inter-unit water O-H…O  hydrogen 
bonds as well as three intra-unit hydrogen bonds.  
 
About the Cs1 centre, there are two carboxyl O donors, two nitro O donors and two water 
molecules (O1W and O2W), with a Cs-O bond distance range of 2.959(5)-3.374(4) Å (Table 
1). About Cs2, the coordination sphere comprises two carboxyl O donors, two nitro O donors 
and four waters (O1W, O2W, O6W, O7W), with a Cs-O bond distance range of 3.074(5)-
3.291(7) Å. Cs1 and Cs2 are triply bridged while Cs2 and Cs3 are quadruply bridged. 
With Cs3, the irregular 8-coordiation environment consists of three carboxyl O donors, one 
nitro O donor and four water molecules, three of which are bridging (O4W, O6W, O7W) and 
one unidentate (O3W). The Cs-O range is 3.049(7)-3.371(6) Å. Cs 3 and Cs4 are doubly 
bridged with by O4W and O11B with both O3W and O7W involved in intra-unit hydrogen 
bonds to a carboxyl O acceptor (O31A) (Table 2). With Cs4, the irregular 6-coordination 
comprises four carboxyl O donors [two of which (O11B, O12B) are bidentate chelate and 
bridging], one bridging water (O4W) and one unidentate water (O5W), with a Cs-O range of 
 7
2.961(5)-3.386(5) Å. Cs1 and Cs4 are also doubly bridged and OW5 acts as an acceptor in a 
single intra-unit hydrogen bond with the bridging water O2W (Table 2). The coordination 
behaviour of cesium in the present compound is considered typical of the structural chemistry 
of this metal in complexes with aromatic carboxylic and sulfonic acids, e.g. cesium hydrogen 
phthalate [14, 15], tricesium trimesate pentahydrate [16], cesium trihydrogen 1,2,4,5-
benzenetetracarboxylate [17] and hexacesium benzenehexacarboxylate heptahydrate [18], 
cesium 3,5-dinitrosalicylate [19] and cesium 5-sulfosalicylate [19, 20, 21], with expanded 
coordination polyhedra having irregular stereochemistry and commonly multiple bridged 
polymeric structures. The presence of a number of inter-unit hydrogen-bonding associations 
stabilize the metal complex polymer in the three-dimensional network.  
 
INSERT 3: Figures 2:   (Expansion of the Fig. 1 coordination in 1) 
     NIPACS2.TIF    (in the NIPACS.ZIP file) 
     and Figure 3: (packing of 1 in the unit cell) 
     NIPACS3.TIF  (in the NIPACS.ZIP file) 
 
2.2 Conclusions 
5-Nitroisoophthalic acid has been shown to form a chemically stable, extensively hydrogen-
bonded coordination complex polymer with Cs, the first reported crystallographically 
characterized example involving an alkali metal complex with this ligand.  
 
3. Experimental  
3.1 Synthesis    
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 Compound 1 [Cs4(C8H3NO6)2 (H2O)7]n  (1) was synthesized by adding 0.65g (2 
mmol) of cesium carbonate to a solution of 0.42g (2 mmol) of  5-nitrobenzene-1,3-
dicarboxylic acid (5-nitroisophthalic acid) in 50 mL of 50% aqueous ethanol. The mixture 
was heated for ca. 15 min at 90o and the resultant hot-filtered solution was allowed to 
partially evaporate at room temperature, giving after several weeks, large chemically stable 
prisms and plates of 1. A cleaved specimen was used for analysis using single-crystal X-ray 
diffraction, giving the structure reported here.  
3.2 X-ray structure determination 
 X-ray diffraction data for compound 1 were collected at 297(2) K on an Oxford 
Diffraction Gemini S Ultra CCD-detector diffractometer equipped with a monochromatized 
Mo Kα X-radiation source (λ = 0.71073 Å).  Programs used for the acquisition and reduction 
of intensity data using the Oxford Diffraction system were CrysAlis CCD [21] and CrysAlis 
RED [21] and for absorption correction, SADABS [22]. The structure was solved by direct 
methods using SIR92 [23] and refined using full-matrix least-squares (SHELXL97 [24] 
within WinGX [25]), with anisotropic thermal parameters for all non-hydrogen atoms. 
Associative hydrogen atoms (on the water molecules) were located by difference methods 
and their positional and isotropic thermal displacement parameters were refined. Aromatic 
ring H atoms were included in the refinement at calculated positions with coordinates riding 
(C-H = 0.93 Å) and isotropic U values set at 1.2Ueq of the attached C atom. Crystallographic 
data are given in Table 3 while bond distances about the four metal coordination polyhedra 
are given in Table 1. Table 2 lists the hydrogen-bonding associations found in the structure of 
1. 
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 CCDC 781178 contains the supplementary crystallographic data for 1. The data can be 
obtained free of charge via http://www.ccdc.cam.ac.uk/conts/retrieving.html or from the 
Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK; fax: 
(+44) 1223-336-033; or e-mail: deposit@ccdc.cam.ac.uk. Supplementary data associated 
with this article can be found, in the online version, at doi:xxxx   
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7. Tables 
Table 1. Bond distances (Å) about the four Cs coordination polyhedra for 1 
 
Symmetry codes: (a)  x + 1,  y, z;  (b)  -x,  y - ½,  -z  + 1½; (c)  -x + 1,  y - ½,  -z + 1½;  
(d)  -x + 1,  y + ½,  -z + 1½; (e)  -x + 1,  -y + 2,  -z + 2; (f)  x,  y + 1,  z; (g)  x + 1,  y + 1, z. 
 
Cs1-O2W 3.199(7) Cs2-O1W 3.188(8) Cs3-O3W 3.049(7) Cs4-O4W 3.163(6)
Cs1-O12A 3.018(5) Cs2-O2W 3.291(7) Cs3-O6W 3.135(6) Cs4-O5W 3.213(7)
Cs1-O12B 2.959(5) Cs2-O6W 3.102(6) Cs3-O7W 3.208(5) Cs4-O11A 2.961(5)
Cs1-O52Ba 3.374(4) Cs2-O7W 3.074(5) Cs3-O31Af 3.197(5) Cs4-O11B 3.051(5)
Cs1-O51Bb 3.188(6) Cs2-O12A 3.106(5) Cs3-O4Wg 3.332(6) Cs4-O12B 3.386(5)
Cs1-O1Wc 3.162(7) Cs2-O52Ba 3.248(5) Cs3-O11Bg 3.069(5) Cs4-O32Ae 3.025(5)
  Cs2-O31Bd 3.284(5) Cs3-O12Bd 3.371(6)   
  Cs2-O51Ae 3.177(6) Cs3-O32Ae 3.286(6)   
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 Table 2. Hydrogen-bonding interactions (Å,o)in 1 
 
D            H          A              D - H         H...A          D...A          D - H...A     
 
O1W     H11W    O52Ba     0.90(11)     2.08(11)      2.986(11)   179(16)    
O1W     H12W    O51Ab      0.90(12)    1.86(12)      2.759(9)    179(13)     .    
O2W     H21W    O5W       0.88(10)     1.97(10)       2.846(10)   174(9)      
O2W     H22W    O51Bb     0.96(11)     1.78(11)       2.735(8)     176(11)    
O3W     H31W    O31A      0.89(7)        1.99(8)        2.888(9)     176(11)    
O3W     H32W    O32Ac     0.88(9)        1.91(9)        2.761(9)      179(9)    
O4W     H41W    O3Wd      0.93(11)      1.95(11)       2.869(10)   162(9)    
O4W     H42W    O32Ad      0.84(10)     2.19(9)         3.037(8)     169(8)    
O5W     H51W    O12Be       0.79(11)     2.11(11)       2.872(9)     179(12)    
O5W     H52W    O11Ae       0.78(9)       1.99(8)         2.766(9)     164(10)    
O6W     H61W    O12Ae       0.76(10)      2.02(1)        2.743(8)     173(9)    
O6W     H62W    O52Ba       0.92(11)      2.00(11)       2.855(8)     160(11)    
O7W     H71W    O11Bb       0.94(11)      1.90(11)       2.834(7)     156(9)    
O7W     H72W    O31A        0.89(11)       1.89(11)       2.784(7)     172(11)    
 
Symmetry codes: (a)  x +1,  y,  z;  (b)  -x,  y + ½, -z + 1½;  (c)  -x + 2,  -y + 2,  -z + 2; 
(d) -x + 1, -y + 2, -z + 2; (e)  x,  y + 1,   z. 
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Table 3. Crystallographic data for compound 1. 
CCDC reference 781178 
Formula C16H20 Cs4 N2O19 
Mr 1075.98 
Crystal class monoclinic 
Space group P21/c 
a (Å) 12.3213(3) 
b (Å) 6.7557(2) 
c (Å) 36.2020(9) 
β (deg.) 90.548(2) 
V (Å3 ) 3013.28(14) 
Dc (g cm-3) 2.372 
Z 4 
μ(Mo Kα) (mm-1) 4.881 
Temp. (K) 297(2) 
2θmax  (deg.) 50 
Crystal size (mm) 0.40 x 0.20 x 0.20 
Total data 21,278 
Collection range h  -14 to 14 
k  -7 to 8 
l   -43 to 43 
Unique data 5,245 
Rint 0.0269 
N [I >2.0σ(I)]  4,327 
R1 * 0.0418 
wR2 * 0.0795 
S * 1.20 
A, B # 0.022, 12.3 
* R1 = (Σ |Fo| – |Fc| )/Σ|Fo|);   wR2 = {Σw[(Fo2 – Fc2)]2 / Σ [w(Fo2)2]}½ ;   
S = {Σ [w(Fo2 – Fc2)2] / (n-p)}½; w = [σ2 (Fo2) + (AP)2+ BP]-1) {where 
 P = [(max. Fo2, 0) + 2(Fc2)]/3} 
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8. FIGURES 
 
Figure 1. Molecular configuration and atom numbering scheme for the asymmetric unit in 
the structure of 1. Symmetry related atoms have been added to show the full coordination 
environment around metal centres. Probability ellipsoids are drawn at the 40% level [26]. For 
symmetry codes, see Table 2. 
 
Figure 2. Partial expansion of the coordination polymeric structure of 1 viewed down the b 
axis, showing also the three intramolecular hydrogen bonds as dashed lines. For symmetry 
codes: (h)  x - 1, y, z;  (i)  -x , y + ½, -z +1½; (j) x, y – 1, z. For other codes, see Figure 1 and 
Table 2. 
Figure 3.  The packing of the polymeric structure of 1 in the unit cell, viewed down the b 
axis 
 
